Introduction
Peripheral arterial occlusive disease (PAOD) is a chronic, initially subclinical, and characteristically inflammatory disease that mainly affects the carotid arteries and lower limbs. 1, 2 When in the lower limbs, it causes intermittent claudication, associated with a shortened leg gait, cyanotic extremities and decreased muscular force associated with sarcopenia below the obstruction site. At more advanced stages, it can cause ulcerations that are difficult to heal, due to the decrease in blood flow. The final stage of pathophysiology is completed with a trophic lesion and consequent amputation of the affected limb, leading to a decrease in the quality of life and to functional limitations in activities of daily living. 3 This results in increased costs generated by the treatment and impaired productive capacity of these patients. 3, 4 Chronic systemic arterial hypertension (SAH), diabetes, smoking, and dyslipidemia are the four main triggers of atherosclerotic disease. Usually individuals with lowerlimb PAOD are associated with one or more of these four factors. Therefore, all patients with one of these four factors should be investigated for the presence of PAOD. 2, 3 One of the most efficient ways to diagnose lowerlimb PAOD is through the Ankle-Brachial Index (ABI), where the systolic blood pressure in the ankle is divided by the systolic blood pressure of the arm. A result < 0.9 means a diagnosis of PAOD, even in the absence of specific symptoms. 4 The nosological diagnosis of lower-limb PAOD is based on pain-free walking time. The Fontaine classification is the most commonly used one. It is divided into four stages: I -asymptomatic (presence of PAOD without symptoms); IIa -claudication above 200 meters and IIb -claudication below 200 meters; III -pain at rest; and stage IV -trophic lesion and consequent amputation of part of the affected limb. 4 The maximum walking tolerance test is used for both the diagnosis and classification of lower-limb PAOD as the basis for treatment of this condition, since a cardiovascular and metabolic rehabilitation (CMR) program, using treadmill walking, is considered the treatment that shows the best cost-benefit relation for this disease. 5, 6 Therefore, this report aims at describing how a CMR program using a treadmill improved the clinical and functional condition and stimulated the healing of a heel skin ulceration in a patient with lower-limb PAOD.
Case report
IAS, a 65-year-old female patient, whose weight was 55 kilos, and height, 1.62 meters, entered the Cardiovascular Rehabilitation Service of the URMEC Clinic in Santo Antônio de Jesus, BA, Brazil in December 2014, diagnosed with PAOD. The arteriography disclosed 100% of occlusion in the popliteal, anterior and posterior tibial arteries of the right lower limb.
According to the medical report, the patient was submitted to coronary artery bypass grafting (CABG) with three grafts: distal third of the posterior descending artery, proximal third of anterior descending artery and circumflex artery. She had been diagnosed with systemic arterial hypertension 15 years ago and type II diabetes mellitus for 8 years, with both conditions under pharmacological treatment. She had osteopenia in the pelvic region and in the head of the femur. She reported symptoms of chronic fatigue at moderate exertion, compatible with functional class II heart failure during the anamnesis.
The physical examination disclosed diffuse sarcopenia, mainly in the upper and lower limbs, blood pressure of 180/100 mmHg. She had an ulceration in the posterior side of the right heel in progress for 24 months, undergoing topical pharmacological treatment (Papain and Chlorhexidine). For the skin ulcer treatment, the patient also reported that she had undergone physical therapy sessions (32 sessions) with laser, microcurrent and 3MHZ ultrasound. She did not show any signs of pulmonary congestion and cyanosis of the extremities. These findings corroborated the idea of a good prognosis for the heart failure, since it was characterized as noncongestive and warm.
The 24-hour ambulatory blood pressure monitoring (ABPM) showed mean BP of 160/90 mmHg with absence of nocturnal dipping. The fasting laboratory tests showed: triglycerides 276 mg/dL, high-density lipoprotein (HDL) of 41 mg/dL, low-density lipoprotein (LDL) of 58 mg/dL, total cholesterol of 154 mg/dL and glycemia of 172 mg/dL.
At the end of the evaluation, the patient's main complaint was ambulation difficulty, due to the heel ulceration and the difficulties caused by this condition when performing the activities of daily living.
She was receiving treatment with the following drugs: NPH insulin, 25 IU/mL at 8 AM and 20 IU/mL at 8 PM; Metformin, 500 mg at 8 AM and 12 PM; Olmesartan, 40 mg at 8 AM; Indapamide, 1.5 mg at 8 AM, Manidipine, 20 mg at 8 AM; Atorvastatin, 80 mg at 7 PM; Clopidogrel, 75 mg at 7 PM; and Vitamin D, 1,200 IU twice a week.
Based on the patient's complaints and the possibilities of the exercise program, the aims of the study were: 10-20% reduction in the fasting glycemia and glycated hemoglobin values; normalization of fasting triglyceride values; reduction of 5 to 10 mmHg in SBP and 5 mmHg in DBP; increase in functional capacity by at least 20%; skin ulceration healing; increased tolerance to walking. An eight-month projection was estimated to reach the goals.
Cardiovascular and Metabolic Rehabilitation Protocol
The patient started the CMR by performing neuromuscular exercises for the upper and lower limbs, arm cycle ergometer for upper body training and inspiratory muscle training (IMT).
In the first month, the neuromuscular exercises were performed twice a week on alternate days (Mondays and Wednesdays), with the exercises for upper limbs being performed on the first day and those for lower limbs on the second day. The exercises comprised two sets of 20 repetitions with a 2-minute interval between sets, with loads based on Borg's rating of perceived exertion (RPE) scale between 9 and 11. After the first month, the neuromuscular exercise schedule was readjusted to two sets of 12 repetitions with loads that stimulated a Borg scale score between 12 and 15. The load progression occurred monthly until the end of the treatment, which lasted six months.
At the same session, after the neuromuscular exercises, the arm cycle ergometer training was performed for 20 minutes using a passive interval approach (active for five minutes followed by two minutes of passive rest). The load was also based on the Borg scale, being the first and second sets performed with Borg score between 9 to 11 and the last 3 with Borg between 12 and 14. The arm cycle ergometer was used until the third month of treatment.
The IMT was performed at home with 30% of PImax in 30 daily repetitions carried out in sets of 10 repetitions, seven days a week. The IMT load was readjusted weekly, which persisted until the end of the first three months of treatment. After the third month, the IMT was performed with no more progressive loads.
After three months, a gel insole was manufactured for the ulcerated heel, which contained an orifice at the ulceration site allowing the treadmill training. Therefore, the arm cycle ergometer training was replaced by the treadmill at the beginning of the fourth month of treatment. For the treadmill use, a maximum walking tolerance test, described by Petto et al., was applied at a velocity of 1.5 km/h on a treadmill without inclination.
The maximum walking tolerance road was reached at 280 seconds (4 minutes and 7 seconds).
The training was prescribed based on this test. The first two sets were performed with 60% and, the last four, with 80% of the maximum walking tolerance obtained at the test (280 seconds) at a speed of 1.5 km/h, the same speed used in the test. This totaled 1,232 seconds of walking, approximately 4.5 times the total time obtained at the walk tolerance test. The test was performed monthly for the increase in time and speed employed for the training, which lasted three months.
Therefore, the total time of CMR was six months, with the first three months being dedicated to neuromuscular exercises for upper and lower limbs, arm cycle ergometer and IMT, twice a week. In the last three months, the cycle ergometer was replaced by the ergometric treadmill and CMR started to be performed three times a week.
It is important to note that the pharmacological treatment, laser therapy, ultrasound and microcurrent for the ulceration healing were maintained from the beginning to the end of the CMR. Table 1 shows the evolution of the metabolic variables after the CMR. The great improvement in the patient's lipid profile and fasting glycemia can be observed, factors that positively contribute to the clinical and functional improvement of patients with PAOD. The reduction in the glycated hemoglobin levels demonstrates the glycemic control improvement throughout the CMR program.
Results
This figure shows that the heel ulceration was healed, after the three-month treadmill training. No ulceration improvement was seen in the first three months of CMR. In addition to the ulceration healing, the patient improved her treadmill performance, being able to carry out uninterrupted walks at a speed of 5.5 km/h for 30 minutes.
It is worth emphasizing that this gain probably occurred due to the blood flow improvement in the affected limb, caused by the opening of the collateral circulation and angiogenesis (formation of new capillaries), therefore promoting ulceration healing and walking performance improvement.
In addition to these improvements, the patient after six months of treatment was able to reduce drug dose for hypertension (Manidipine), diabetes mellitus (NPH and metformin) and dyslipidemia (atorvastatin).
Discussion
Physical exercise has been increasingly becoming significant in the treatment of peripheral vascular diseases because it is a non-invasive method, it has a positive impact on the quality of life and functional status, in addition to being a low-cost and higheffectiveness treatment. 7 Locatelli et al., 8 report that a physical exercise program that combines treadmill walking with neuromuscular exercises (resistance exercises with weights) is the one that significantly increases the maximum pain-free walking distance in patients with lower-limb PAOD and intermittent claudication. That occurs because walking training stimulates the opening of collateral circulation and also angiogenesis. 9 These two mechanisms are the main responsible ones for the improvement in the perfusion of the affected region, reducing ischemia and its consequences. Specifically in this reported case, the ulceration healing was due mainly to the improved blood irrigation, which favors the entire tissue healing process. Additionally, CMR resulted in improved glycemia and lipid control, a condition that favors the ulceration healing and controls the evolution of the atherosclerotic disease. 7 Strongly corroborating this hypothesis, Murphy et al., 5 carried out a study in which 111 subjects with lower-limb PAOD were randomized into three groups. A group received only pharmacological treatment, a group underwent coronary artery bypass grafting in the region affected by PAOD plus pharmacological treatment and a group that underwent a supervised walking training plus pharmacological treatment. The authors found that after a six-month period, the exercise group increased walking tolerance more than the CABG group and the medication group. The same result was identified in the questionnaire that was applied in this study and investigated the limitation that claudication brings to activities of daily living. It was concluded that, of the three treatments, the supervised walking exercise was the best treatment option, considering the cost-benefit ratio.
However, despite evidence such as this and cases such as the one reported herein, there are few patients with lower-limb PAOD who are referred to CMR services to undergo a specific and supervised treatment.
A study carried out in 2002 by Nunes et al., 3 reported that more than 180 people a year are amputated because of lower-PAOD in the city of Salvador, state of Bahia, Brazil. There are reports in the literature that support the idea that a CMR program could in many cases avoid amputation. A study published in 2011 1 reports the case of a patient with lower-limb PAOD that avoided amputation after undergoing a supervised treadmill walking program. Such evidence suggests that other patients with lower-limb PAOD may benefit from CMR.
It is also interesting to note that in the case reported herein, before the patient underwent the CMR, she had already undergone unsuccessful physical therapy with laser, ultrasound and microcurrent sessions for the ulceration healing. She had also been undergoing two years of topical pharmacological treatment with no positive response. However, when the pharmacological treatment was associated with CMR and physical therapy, the ulceration healing was attained. It should be noted in this case the fact that the CMR program, using treadmill walking as the main exercise type, was crucial for the patient's clinical and functional improvement and ulceration healing and how the interdisciplinary interaction is essential to optimize the treatment of lower-limb PAOD.
Physical exercise is fundamental for the control of two of the main modifiable risk factors for the development of lower-limb PAOD -diabetes mellitus and dyslipidemia. According to Conte et al., 6 the main modifiable risk factors for PAOD are dyslipidemia, diabetes mellitus and smoking. Therefore, the visible metabolic improvement in this case, both in triglyceride and plasma lipoprotein levels, as well as glycemia, also favored the patient's clinical and functional improvement. Brandão et al., 2 reported that each 10% reduction in total cholesterol References levels resulted in a reduction of up to 15% in the risk of mortality due to cardiovascular diseases.
The evidence currently available in the literature is enough to routinely refer patients with lower-limb PAOD to CMR services before having them submitted to more invasive procedures, such as revascularization or angioplasty. The interdisciplinary treatment should be the first option, as it increases the chance of clinical and functional condition improvement, reduces the administration of drugs and prevents surgical treatment and amputations in this population.
Conclusion
According to this case report, a supervised exercise program on a treadmill combined with neuromuscular exercises was effective in the healing process of the lowerlimb PAOD-related skin ulcer and in the control of the modifiable risk factors that lead to this condition, such as diabetes mellitus and dyslipidemia. This report also aims to encourage more health professionals to prioritize interdisciplinary treatment by referring their patients with PAOD to supervised physical exercise programs. 
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